
UNCLASSIFIED

AD NUMBER

ADB104079

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution: Further dissemination only
as directed by Defense Threat Reduction
Agency, 8725 John J. Kingman Rd., Fort
Belvoir, VA 22060-6201, 10 MAR 1986, or
higher DoD authority.

AUTHORITY

DTRA/rd-cxt, per dtic form 55, dtd 25 Jun
2010

THIS PAGE IS UNCLASSIFIED



DNA-TR-86-36-V3

COMPARISON OF LIGHTNING AND NEMP:
EXTRAPOLATION OF AIRCRAFT EMP SIMULATOR DATA
Volume Ill-Data - Preliminary Study

0 Lawrence M. Rose

W4 James A. Darden DTICo Werner J. Stark Z.LECT"
V" Jayne E. Sampco Mission Research Corporation AUG 05 1986'

4935 North 30th Street
Colorado Springs, CO 8C919

1 January 1986

Technical Report

CONTRACT No. DNA 001-84-C-0311

Further dissemination only as directed by Director,
Defense Nuclear Agency, Washington, DC 20305-1000,
10 March 1986, or higher DoD authority.

WARNING - This document contains technical data whose export is
restricted by the Arms Export Control Act (Title 22, U.S.C., Section
2751 et seq.) or Executive Order 12470. Violations of these export
laws are subject to severe criminal penalties.

THIS WORK WAS SPONSORED BY THE DEFENSE NUCLEAR AGENCY
UNDER RDT&E RMC CODE B326084466 V C 00022 25904D.

Prepared for
CDirector

DEFENSE NUCLEAR AGENCY
u Washington, DC 20305-100U

Cu.,

tee-



DESTRUCTION NOTICE:

FOR CLASSIFIED documents, follow the procedures in
DoD 5200.22.M, Industrial Security Manual, Section 11-19
or DoD 5200.1-R, Information Security Program Regulation,
Chapter IX.

FOR UNCLASSIFIED, limited documents, destroy by any
method that will prevent disclosure of contents or recon-
struction of the document.

Retention of this document by DoD contractors is authorizedin accordance with DoD 5200.1.R, Information Security
Program Regulation.

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY,
ATTN: STTI, WASHINGTON, DC 20305-1000, IF YOUR
ADDRESS IS INCORRECT, IF YOU WISH IT DELETED
FROM THE DISTRIBUTION LIST, OR IF THE ADDRESSEE
IS NO LONGER EMPLOYED BY YOUR ORGANIZATION.

.N4



DISTRIBUTION LIST UPDATE

This mailer is provided to enable DNA to maintain current distribution lists for reports. We would
appreciate your providing the requested information.

" Add the individual listed to your distribution list.

" Delete the cited organization/individual.

" Change of address.

NAME:

ORGANIZATION:

OLD ADDRESS CURRENT ADDRESS

TELEPHONE NUMBER: ( )

SUBJECT AREA(s) OF INTEREST:

DNA OR OTHER GOVERNMENT CONTRACT NUMBER:

CERTIFICATION OF NEED-TO-KNOW BY GOVERNMENT SPONSOR (if other than DNA).

SPONSORING ORGANIZATION:

CONTRACTING OFFICER OR REPRESENTATIVE:

SIGNATURE:



Defense Nuclear Agency
ATTN: STTI
Washington, DC 20305-1000

Director
Defense Nuclear Agency
ATTN: STTI
Washington, DC 20305-1000

PV



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE . / 1 ' I

*Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704.0188

Exp Date Jun30. 1986
la REPORT SECURITY CLASSIFICATION lb RESTRICTIVE MARKINGS
UNCLASSIFIED

2a SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION /AVAILABILITY OF REPORT
N/A since Unclassified Further dissemination only as directed by

2b DECLASSIFICATION DOWNGRADING SCHEDULE Director, Defense Nuclear Agency, Washington,
N/A since Unclassified DC 20305-1000, 10 March 1986 or higher DoD

4 PFRFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT I.UMBER(S)

MRC/COS-R-290 DNA-TR-86-36-V3

6a NAME OF PERFORMING ORGAN IZATION 16o OFFICE ;rMBOL 7a NAME OF MONITORING ORGANIZATION
(If applicable) Director

Mission Research Corporatirrn Defense Nuclear Agency

6C. ADDRESS (City, State, and ZIP Code) 7b ADDRESS;City, State, and ZIP Code)

4935 North 30th Street
Colorado Springs, CO 80919 Washington, DC 20305-1000

8a NAME OF FUNDiNG;SPONSORING 8b OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable) DNA 001-84-C-0311

8c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT TASK WORK UNITELEMENT NO NO NOACSINNO,

_1 62715H V C I DHOO8520
11 TITLE (Include Security Classification)
COMPARISON OF LIGHTNING AND NEMP; EXTRAPOLATION OF AIRCRAFT EMP SIMULATOR DATA
Volume III-Data - Preliminary Study

12 PERSONAL AUTHOR(S)
Rose, Lawrence M.; Darden, James A.; Stark, Werner J.; Samp, Jayne E.

13a TYPE OF REPORT 13b TIME COVERED 114 DATE OF REPORT (Year, Month, Day) 15 PAGE COUNT

Technical I FROM 840711 TO 851031 860101 556
16 SUPPLEMENTARY NOTATION
This work was sponsored by the Defense Nuclear Agency under RDT&E RMC Code B326084466
V C 00022 25904D.

17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP Electromagnetic Pulse (EMP) TRESTLE Simulator
20 14 Lightning DoD-S1 D-2169
4t1 Extrapolation Aircraft Lightning Threat

1-- 9 ABSTRACT (Continue on reverse if necessary and identify by block number)
TRESTLE Simulator Data acquired during the 1982 B-52 OAS/CMC EMP Test is extrapolated

to lightning and EMP criteria. The extrapolated data is compared via study of waveform
attributes.

/I
/

20 DISTRIBUTION /AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
(3 UNCLASSIFIED,UNLIMITED M SAME AS RPT 0I DTIC USERS UNCLASSIFIED

22a NAME OF RESPONSIBLE INDIVIDUAL 22b TF-EPHONE (Include Area Code) 22c OFFICE SYMBOL
Betty L. Fox (202) 325-7042 DNA/STTI

DD FORM 1473, 84 MAR 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE
All other editions are obsolete UNCLASSIFIED

i



UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE

3. DISTRIBUTION/AVAILABILITY OF REPORT (Continued)

authority.

18. SUBJECT TERMS (Continued)

Atmospheric Electricity

4

_'SECURITY CLASSIFICATIONt OF THIS PAGE

i i UNCLASSIFIED



4.' CONVERSION TABLE
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To Convert From TO Multiply By

angstrom motors Wm 1. 000 000 X E -10
atmosphere (normal) kilo pascal (kPa) 1.013 25 X E+2
ba r kilo pascal (kPa) 1. 000 000 X E +2

barn meter 2 
(i

2
) 1. 000 000 X E -28

British thermal unit (thermochomical) joule (J) 1. 054 350 X E +3

calorie (thermiochemical) joule (J) 4. iIN 000
cal (ihormochemical)/cm mega joule/n2 00J/11,2) 4. 184 000 X E -2
curie *glgs becquerel (Gl~q) 3.700 000 X E +1
degree (angle) radian (rad) 1. 745 329 X E -2

degree Fahrenheit degree kelvin (K) 1 1 W * 459-67)/l. 8

electron volt joule (J) 1.6G02 19 X E -19
erg joule (J) 1. 000 000 X E -7

erg/second watt (%V) 1. 000 000 X E -7

foot meter (im) 3. 048 000 X E -1
foot-pound -force joule (J) 1.355 818

3 3
gallon (U. S. liquid) metor (m ) 3.785 412 X E -3
Inch meter (im) 2. 540 000 X E -2

jekjoule (J) L 000 000 X E +9
joule/kilogram (3/kg) (radiation dose

absorbed) Gray (Gy) 1.000 000
kilotons terajoutes 4. 183

kip (1000 IbI) newton (N) 4.4418 222 X E +3
kip/inch 2(l'si) kilo pascal (kPa) 6. 894 757 X E +3
ktap newton-second/n 2

1.0000XE+(N-s/h
2)10000XE+

micron meter (Cm) 1 000 000 X E -6

mil meter (Cm) 2.540 000 XE -5
mile (international) meter Cmn) 1. 609 344 X E +3
ounce kilogram (kg) 2.834 952 X E -2

pound-korce (lbs av 
4
rdupois) nowton (N) 4.448 222

pound-force inch newton-meter (lN.m) 1. 129 848 X E -1
pound -force/inch newton/meter (N/in) 1. 751 268 X E +2

pound-force/fool 2  
kilo pascal CkPa) 4. 788 026 X E -2

pound-force/Inch 2 
(psi) kilo pascal (kPa) 6.894 757

pound-mass (Ibm avoirdupois) kilogram (kg) 4. 535 924 X E -1
22pound-mass-foot (moment of inertia) kilogram-nieter2

Ckg.m 2 ) 4. 214 011 X E -2

pound -ayot
3

kilog ramn/mete r3
(kg/n 3

) 1.601 846 X E 41
r~ rdnfndn-p 'ih;nxb. 4, GCray (Cy) L 0 -0 -2

roentgen coulcmbA![ikfram

(C/kg) I 2.579 760 X E -43

shake i C second Cs) 1____ 000___000__X __E __-8

slgkilogram (1/r) 1.459 390 X E +1

'The uecquerel (13q) is the SI unit of radioactivity; 1 13q = 1ev..ist/s.
-Thne Gray (G)is the SI unit of absorbed radiation.
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SECTION 1

INTRODUCTION

This volume presents the preliminary study which was performed

using a double exponential EMP criterion and lightning criteria'. The

methods used for this preliminary study were identical to those used for
the final study. These methods are described in Volume I of this report.

This volume will describe the criteria used in the preliminary study and
discuss the results of this preliminary comparison. Appendix A contains a

table of the scalar attributes of the extrapolated waveforms. Appendix B
contains plots of the corrected B-52 data as well as that data extrap-

olated to the EMP and lightning criteria.

V

B.G. Melander, et. al "Atmospheric Electricity Hazards Threat

Environment Definition," Boeing Document D180-27423-1, April 1983.
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SECTION 2

EMP AND LIGHTNING CRITERIA

2.1 EMP CRITERION.

The EMP criterion used in the preliminary study is a double

exponential waveform. The electric field is defined as:

E(t) = Eo(e-t-e-3t) (1)

where

Eo = 5.23x104 V/m,

= - 4.0xlO6 S- I

and

= 4.76xi08 s-

The EMP waveform propagates as a plane wave, therefore the magnetic field

is defined as:

H(t) = E(t)/Z o , (2)

where, Zo  = impedance of free space 377p.

i N__



2.2 LIGHTNING CRITERION.

The lightning criterion used in the preliminary study was

defined in the Atmospheric Electricity Hazards Protection (AEHP) program.

This program defined two separate lightning criteria (both moderate and

severe) by study of existing lightning data. These criteria are described

in terms of the lightning current, and are also double exponential wave-

forms. The magnetic field produced by this current can be approximated by

assuming that the field is produced by uniform current on an infinite

cylinder, and is given by Equation 3.

H(t) = I(t)/2vR (3)

where R is the distance from the lightning strike.

I(t) is the lightning current given by the double exponential

waveform. The AEHP lightning criteria have the peak current and rise and

fall rates shown in Table 1. The resulting electric fields at 50 m from

the lightning stroke along with the EMP waveform are shown in Figures 1

and 2. Only the severe criterion was used in this study.

Table 1. AEHP lightning parameters.
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SECTION 3

COMPARISON OF EXTRAPOLATED DATA

The comparison of the responses after extrapolation to the EMP

and lightning threats is accomplished via use of the waveform attributes

described in Volume I of this report.

3.1 PEAK ABSOLUTE AMPLITUDE.

We can see from Figure A-2 that the peak absolute amplitude of

the waveform for the EMP threat was higher than the lightning response for

all cases. At frequencies above 2 MHz, the EMP magnetic field is stronger

than the lightning fields. The majority of the corrected data respcnses

resonate well above 2 MHz, thus the extrapolated responses at the

resonant frequencies are stronger for EMP than lightning.

3.2 PEAK ABSOLUTE DERIVATIVE.

Figure A-4 shows that the peak absolute derivative of the EMP
response is significantly greater than that of the lightning response.

This is due to the difference in risetime between the two threats.

3.3 PEAK ABSOLUTE IMPULSE.

The peak absolute impulse of a waveform is related to the low

frequency content. The lightning field has a larger low frequency content

than the EMP field, thus the peak absolute impulse of the lightning

response is generally larger than that of the EMP response.

6



3.4 RECTIFIED IMPULSE.

The rectified impulse comparison is shown in Figures A-7 and

A-8. This parameter is not clearly worse for either EMP or lightning

fields.

) 3.5 ROOT ACTION INTEGRAL.

The root action integral is a measure of the energy carried by

the waveform. Figure A-1O shows that the EMP response almost always had a

higher root action integral than the lightning response.

'4=
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APPENDIX A

WAVEFORM NORM ATTRIBUTES



Table A-I. Comparison of peak absolute amplitudes.

TEST SHOT PEAK ABSOLUTE PEAK ABSOLUTE
POINT NUMBER AMPLITUDE AMPLITUDE

EMP LIGHTNING

0059 2276 0.600E+00 0.256E+00
0141 2662 0.253E-02 0.333E-03
0434 2502 0.954E+01 0.891E+00
0504 1680 0.439E+00 0.716E-01
0516 2615 0.927E+00 0.319E+00
0594 2584 0.277E-02 0.521E-03
0643 2261 0.666E+00 0.898E-01
0705 2535 0.197E+01 0.832E+00
0715 1798 0.325E+00 0.275E-01
0723 2256 0.405E+01 0.972E+00
0903 1428 0.203E-01 0.173E-01
0918 2550 0.825E+00 0.228E+00
1182 1159 0.113E+01 0.204E+00
1473 1779 0.493E+00 0.717E-01
1660 2545 0.508E+00 0.777E-01
2238 2154 0.718E+00 0.682E-01
2391 1734 0.589E+00 0.169E+00
2426 1306 0.760E+00 0.959E-01
2717 2560 0.188E+01 0.459E+00
2866 2274 0.421E+01 0.107E+01
3313 2521 0.104E+01 0.178E+00
3313 2689 0.103E+01 0.133E+00
3385 1718 0.772E+00 0.487E-01
3473 2607 0.198E+01 0.560E+00
3539 2727 0.139E+01 0.365E+00
3543 2265 0.674E+00 0.927E-01
3615 1675 0.848E+00 0.223E+00
3626 2531 0.136E+01 0.218E+00
3795 2281 0.174E+01 0.847E-01
3884 2255 0.402E+01 0.102E+01
3919 1156 0.990E+01 0.381E+01
4050 1680 0.353E+00 0.499E-01
4225 2671 0.109E-01 0.249E-02
4309 2653 0.381E+00 0.615E-01
4597 2436 0.101E+01 0.193E+00
4859 2144 0.624E+00 0.461E-01

A-N 4914 2217 0.531E+00 0.138E+00
4924 2645 0.122E+01 0.266E+00
5169 2588 0.928E+00 0.166E+00
5283 1717 0.457E+00 0.215E+00
5352 1234 0.454E+00 0.271E-01
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I
Table A-I. Comparison of peak absolute amplitudes (Concluded)

TEST SHOT PEAK ABSOLUTE PEAK ABSOLUTE
POINT NUMBER AMPLITUDE AMPLITUDE

EMP LIGHTNING

5393 2623 0.272E+01 0.203E+01
5415 2700 0.660E+00 0.332E+00
5511 2274 O.243E+01 0.211E+00
5524 2584 0.107E-02 0.368E-03
5584 2687 0.152E+01 0.299E+00
5611 2308 0.243E+00 0.222E-01
5611 2501 0.652E-01 0.174E-01
5727 1180 0.405E+00 0.365E-01
5737 2165 0.120E+01 0.472E-01
5813 2606 0.966E+00 0.224E+00
5869 2271 0.416E+01 0.846E+00
6369 2584 0.510E-01 0.113E+00
6381 1151 0.601E+00 0.166E+00
6482 2501 0.434E+00 0.561E-01
6562 2501 0.256E+01 0.392E+00
6708 2712 0.148E+01 0.224E+00
6732 2712 0.199E+01 0.297E+00
7045 2260 0.380E+01 0.999E+00
7059 2226 0.135E+01 0.100E+00
7171 2504 0.720E+00 0.244E+00
7187 2266 0.731E+00 0.985E-01
7407 2166 0.864E+00 0.276E+00
7513 2638 0.770E+00 0.134E+00
7516 2528 0.415E+01 0.930E+00
7681 1720 0.330E+00 0.628E-01
7873 2626 0.408E-02 0.429E-03
8027 2594 0.530E-03 0.464E-03
8075 2460 0.721E+00 0.988E-01
8524 2151 0.711E+00 0.489E-01
8681 1797 0.476E+00 0.801E-01
8695 2478 0.120E+02 0.107E+01
8806 2197 0.184E+01 0.207E+00
8877 2276 0.768E+00 0.154E+00
9063 2265 0.981E+00 0.103E+00
9082 2609 0.960E+00 0.324E+00
9323 2605 0.128E-01 0.336E-02
9406 2421 0.811E+00 0.160E+00
9461 2628 0.110E+01 0.101E+01
9470 1684 0.252E+00 0.168E+00
9513 2618 0.107E+01 0.413E+00
9786 2697 0.389E+00 0.709E-01
9893 2551 0.424E+00 0.248E-01

11
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Table A-2. Comparison of peak absolute derivatives.

TET SO EA BOUEPEKASLT

POINT NUMBER DERIVATIVE DERIVATIVE

0434 2502 0.194E+10 0.504E+08
0504 1680 0.989E+00 0.231E+07
0516 2615 0.299E+09 0.492E+07
0594 2584 0.571E+06 0.146E+05
0643 2261 0.159E+09 0.344E+07
0705 2535 0.148E+09 0.925E+07
0715 1798 0.157E+09 0.224E+07
0723 2256 0.270E+09 0.201E+08
0903 1428 0.426E+07 0.118E+06
0918 2550 0.161E+09 0.431E+07
1182 1159 0.237E+09 0.573E+07
1473 1779 0.566E+08 0.236E+07
1660 2545 0.618E+08 0.241E+07
2238 2154 0.374E+09 0.506E+07
2391 1734 0.772E+08 0.264E+07
2426 1306 0.108E+09 0.377E+07
2717 2560 0.473E+09 0.104E+08
2866 2274 0.371E+09 0.211E+08
3313 2521 0.329E+09 0.585E+07
3313 2689 0.149E+09 0.498E+0
3385 1718 0.504E+09 0.581E+07
3473 2607 0.343E+09 0.108E+08
3539 2727 0.103E+09 0.679E+07
3543 2265 0.247E+09 0.390E+07
3615 1675 0.178E+09 0.439E+07
3626 2531 0.255E+09 0.692E+07
3795 2281 0.917E+09 0. 106E+08

A3884 2255 0.210E+09 0. 199E+08
3919 1156 0.166E+10 0.535E+08

4225 2671 0.161E+07 0.531E+05

40 2630.189E+09 0.223E+07

4924 2645 0.161E+09 0.597E+07
5169 2588 0.285E+09 0.519E+07
5283 1717 0.124E+09 0.271E+0;-
5352 1234 0.148E+09 0.260E+07

14



Table A-2. Comparison of peak absolute derivatives (Concluded)

TEST SHT PEAK ABSOLUTE PEAK ABSOLUTE
POINT NUMBER DERIVATIVE DERIVATIVE

EMP LIGHTNING

5393 2623 0.272E+09 0.143E+08
5415 2700 0.100E+09 0.340E+07
5511 2274 0.124E+10 0.147E+08
5524 2584 0.156E+06 0.504E+04
5584 2687 0.143E+09 0.753E+07
5611 2308 0.617E+08 0.135E+07
5611 2501 0.236E+08 0.366E+06
5727 1180 0.128E+09 0.220E+07
5737 2165 0.603E+09 0.793E+07
5813 2606 0.178E+09 0.489E+07
5869 2271 0.236E+09 0.206E+08
6369 2584 0.492E+07 0.250E+06
6381 1151 0.684E+08 0.310E+07
6482 2501 0.111E+09 0.239E+07
6562 2501 0.440E+09 0.133E+08
6708 2712 0.239E+09 0.729E+07
6732 2712 0.184E+09 0.965E+07
7045 2260 0.248E+09 0.190E+08
7059 2226 0.173E+09 0.667E+07
7171 2504 0.179E+09 0.392E+07
7187 2266 0.219E+09 0.397E+07
7407 2166 0.682E+08 0.430E+07
7513 2638 0.109E+09 0.385E+07
7516 2528 0.481E+09 0.194E+08
7681 1720 0.464E+08 0.155E+07
7873 2626 0.895E+06 0.212E+05
8027 2594 0.140E+06 0.292E+04
8075 2460 0.121E+09 0.370E+07
8524 2151 0.417E+09 0.496E+07
8681 1797 0.842E+08 0.228E+07
8695 2478 0.327E+10 0.629E+08
8806 2197 0.430E+09 0.105E+08
8877 2276 0.756E+08 0.368E+07
9063 2265 0.372E+09 0.58bE+07
9082 2609 0.177E+09 0.470E+07
9323 2605 0.176E+07 0.653E+05
9406 2421 0.196E+09 0.413E+07
9461 2628 0.166E+09 0.552E+07
9470 1684 0.369E+08 0.132E+07
9513 2618 0.204E+09 0.553E+07
9786 2697 0.166E+09 0.245E+07
9893 2551 0.146E+09 0.248E+07

15
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I
Table A-3. Comparison of peak absolute impulses.

TEST SHOT PEAK ABSOLUTE PEAK ABSOLUTE
POINT N)MBER IMPULSE IMPULSE

EMP LIGHTNING

0059 2276 0.306E-07 0.177E-06
0141 2662 0.499E-10 0.300E-09
0434 2502 0.140E-06 0.915E-06
0504 1680 0.132E-07 0.116E-06
0516 2615 0.474E-07 0.946E-06
0594 2584 0.102E-09 0.309E-09
0643 2261 0.173E-07 0.611E-07
0705 2535 0.122E-06 O.122E-05
0715 1798 0.571E-08 0.398E-07
07^3 2256 0.199E-06 0.843E-07
0903 1428 0.142E-08 0.472E-07
0918 2550 0.338E-07 0.333E-06
1182 1159 0.436E-07 0.379E-06
1473 1779 0.1rjE-07 0.257E-07
1660 2545 0.156E-07 0.565E-07
2238 2154 0.123E-07 0.106E-06
2391 1734 0.293E-07 0.750E-07
2426 1306 0.189E-07 0.191E-07
2717 2560 0.651E-07 0.715E-06
2866 2274 0.217E-06 0.134E-06
3313 2521 0.330E-07 0.223E-06
3313 2689 0.195E-07 0.223E-06
3385 1718 0.902E-08 0.109E-06
3473 2607 0.883E-07 0.143E-05
3539 2727 0.597E-07 0.180E-06
3543 2265 0.171E-07 0.265E-07
3615 1675 0.241E-07 0.487E-06
3626 2531 0.459E-07 0.368E-07
3795 2281 0.143E-07 0.230E-06
3884 2255 0.209E-06 0.283E-06
3919 1156 0.436E-06 0.902E-05
4050 1680 0.586E-08 0.698E-07
4225 2671 0.293E-09 0.307E-08
4309 2653 0.914E-08 0.100E-06
4597 2436 0.219E-07 0.394E-06
4859 2144 0.966E-08 0.319E-07
4914 2217 0.216E-07 0.555E-07

2 4924 2645 0.373E-07 0.776E-06
"W 5169 2588 0.284E-07 0.746E-07

5283 1717 0.241E-07 0.543E-06
5352 1234 0.464E-08 0.738E-07

18



Table A-3. Comparison of peak absolute impulses (Concluded)

TEST SHOT PEAK ABSOLUTE PEAK ABSOLUTE
POINT NUMBER IMPULSE IMPULSE

EMP LIGHTNING

5393 2623 0.273E-06 0.474E-05
5415 2700 0.393E-07 0.687E-06
5511 2274 0.389E-07 0.834E-07
5524 2584 0.301E-10 0.547E-09
5584 2687 0.496E-07 0.298E-06
5611 2308 0.340E-08 0.418E-07
5611 2501 0.337E-08 0.216E-07
5727 1180 0.505E-08 0.549E-07
5737 2165 0.873E-08 0.647E-07
5813 2606 0.402E-07 0.462E-06
5869 2271 0.186E-06 0.123E-05
6369 2584 0.167E-08 0.920E-08
6381 1151 0.362E-07 0.259E-06
6482 2501 0.109E-07 0.216E-07
6562 2501 0.593E-07 0.407E-06
6708 2712 0.279E-07 0.143E-06
6732 2712 0.595E-07 0.652E-06
7045 2260 0.199E-06 0.135E-06
7059 2226 0.237E-07 0.193E-06
7171 2504 0.365E-07 0.185E-06
7187 2266 0.198E-07 0.875E-07
7407 2166 0.492E-07 0.145E-06
7513 2638 0.219E-07 0.164E-06
7516 2528 0.132E-06 0.952E-06
7681 1720 0.121E-07 0.484E-07
7873 2626 0.550E-10 0.522E-09
8027 2594 0.390E-10 0.122E-08
8075 2460 0.213E-07 0.140E-06
8524 2151 0.103E-07 0.349E-07
0681 1797 0.134E-07 0.420E-07
8695 2478 0.178E-06 0.154E-05
8806 2197 0.322E-07 0.295E-06
8877 2276 0.304E-07 0.481E-07
9063 2265 0.206E-07 0.719E-07
9082 2609 0.579E-07 0.606E-06

9323 2605 0.720E-09 0.308E-08
9406 2421 0.366E-07 0.662E-07
9461 2628 0.107E-06 0.283E-05
9470 1684 0.221E-07 0.115E-06
9513 2618 0.542E-07 0.123E-05
9786 2697 0.862E-08 0.127E-06
9893 2551 0.341E-08 0.483E-07F: _ ____ ____ ___ ____ ____ ___



A1Lr

* * ... fl.. * .** * * **** ***** . P

u* 0

CLU) 0-l

*~ 4-)

* 4-)

tij ~~~ ti u L

X LLJLL

cWJB

20



U)LUj
U) C

D 4-

0~0
> ~z V)

14

04 Z

Ia 0

.

IIj 4-

sou-no oJqn

21L



Ii~

Table A-4. Comparison o4 rectified impul6es.

TEST SHOT RECTIFIED RECTIFIED
POINT NUMBER IMPULSE IMPULSE

EMP LIGHTNING

0059 2276 0.322E-06 0.330E-06

0141 2662 0.769E-09 0.586E-09
0434 2502 0.292E-05 0.211E-05
0504 1680 0.237E-06 0.187E-.06
0516 2615 0.322E-06 0.995E-06
0594 2584 0.197E-08 0.419E-09
0643 2261 0.378E-06 0.149E-06
0705 2535 0.922E-06 0.157E-05
0715 1798 0.124E-06 0.502E-07
0723 2256 0.194E-05 0.552E-06
0903 1428 0.876E-08 0.525E-07
0918 2550 0.382E-06 0.559E-06
1182 1159 0.682E-06 0.451E-06
1473 1779 0.220E-06 0.561E-07
1660 2545 0.361E-06 0.111E-06
2238 2154 0.104E-06 0.114E-06
2391 1734 0.428E-06 0.167E-06
2426 1306 0.444E-06 0.108E-06
2717 2560 0.113E-05 0.778E-06
2866 2274 0.243E-05 0.620E-06
3313 2521 0.562E-06 0.248E-06
3313 2689 0.429E-06 0.292E-06
3385 1718 0.179E-06 0.127E-06
3473 2607 0.985E-06 0.170E-05
3539 2727 0.104E-05 0.427E-06
3543 2265 0.504E-06 0.111E-06
3615 1675 0.292E-06 0.585E-06
3626 2531 0.578E-06 0.162E-06

'l 3795 2281 0.183E-06 0.254E-06
3884 2255 0.225E-05 0.714E-06
3919 1156 0.330E-05 0.944E-05
4050 1680 0.159E-06 0.111E-06
4225 2671 0.584E-08 0.480E-08
4309 2653 0.157E-06 0.143E-06
4597 2436 0.440E-06 0.510E-06
4859 2144 0.166E-06 0.627E-07
4914 2217 0.436E-06 0.185E-06
4924 2645 0.398E-06 0.826E-06
5169 2588 0.397E-06 0.170E-06
5283 1717 0,.250E-06 0.657E-06
5352 1234 0.982E-07 0.773E-07
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Table A-4. Comparison of rectified impulses (Concluded)

TEST SHOT RECTIFIED RECTIFIED
POINT NUMBER IMPULSE IMPULSE

EMP LIGHTNING

5393 2623 0.983E-06 0.499E-05
5415 2700 0.470E-06 0.772E-06
5511 2274 0.751E-06 0.222E-06
5524 2584 0.417E-09 0.115E-08
5584 2687 0.622E-06 0.522E-06
5611 2308 0.411E-07 0.584E-07
5611 2501 0.312E-07 0.446E-07
5727 1180 0.981E-07 0.696E-07
5737 2165 0.206E-06 0.746E-07
5813 2606 0.600E-06 0.579E-06
5869 2271 0.223E-05 0.219E-05
6369 2584 0.288E-07 0.225E-07
6381 1151 0.374E-06 0.282E-06
6482 2501 0.244E-06 0.479E-07
6562 2501 0.114E-05 0.438E-06
6708 2712 0.397E-06 0.222E-06
6732 2712 0.763E-06 0.843E-06
7045 2260 0.197E-05 0.520E-06
7059 2226 0.436E-06 0.225E-06
7171 2504 0.551E-06 0.311E-06
7187 2266 0.518E-06 0.197E-06
7407 2166 0.661E-06 0.274E-06
7513 2638 0.411E-06 0.288E-06
7516 2528 0.175E-05 0.210E-05
7681 1720 0.245E-06 0.106E-06
7873 2626 0.146E-08 0.103E-U8
8027 2594 0.297E-09 0.131E-08
8075 2460 0.356E-06 0.211E-06
8524 2151 0.144E-06 0.578E-07
8681 1797 0.230E-06 0.932E-07
8695 2478 0.297E-05 0.293E-05
8806 2197 0.304E-06 0.389E-06
8877 2276 0.363E-06 0.175E-06
9063 2265 0.453E-06 0.154E-06
9082 2609 0.589E-06 0.724E-06
9323 2605 0.822E-08 0.530E-08
9406 2421 0.563E-06 0.261E-06
9461 2628 0.650E-06 0.357E-05
9470 1684 0.257E-06 0.283E-06
9513 2618 0.362E-06 0.134E-05
9786 2697 0.711E-07 0.]55E-06
9893 2551 0.818E-07 0.698E-07
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Table A-5. Comparison of root action integrals.

TEST SHOT ROOT ACTION ROOT ACTION
POINT NUMBER INTEGRAL INTEGRAL

EMP LIGHTNING

0059 2276 0.255E-03 0,186E-03
0141 2662 0.643E-06 0.287E-06
0434 2502 0.244E-02 0.109E-02
0504 1680 0.174E-03 0.947E-04
0516 2615 0.273E-03 0.486E-03
0594 2584 0.141E-05 0.284E-06
0643 2261 0.279E-03 0.808E-04
0705 2535 0.803E-03 0.817E-03
0715 1798 0.934E-04 0.251E-04
0723 2256 0.170E-02 0.415E-03
0903 1428 0.658E-05 0.262E-04
0918 2550 0.298E-03 0.284E-03
1182 1159 0.524E-03 0.224E-03
1473 1779 0.184E-03 0.400E-04
1660 2545 0.253E-03 0.618E-04
2238 2154 0.977E-04 0.599E-04
2391 1734 0.289E-03 0.101E-03
2426 1306 0.332E-03 0.662E-04
2717 2560 0.848E-03 0.413E-03
2866 2274 0.205E-02 0.482E-03
3313 2521 0.403E-03 0.134E-03
3313 2689 0.321E-03 0.158E-03
3385 1718 0.152E-03 0.609E-04
3473 2607 0.686E-03 0.809E-03
3539 2727 0.808E-03 0.246E-03
3543 2265 0.363E-03 0.672E-04
3615 1675 0.?35E-03 0.296E-03
3626 2531 0.517E-03 0.111E-03
3795 2281 0.207E-03 0.125E-03
3884 2255 0.191E-02 0.469E-03
3919 1156 0.289E-02 0.505E-02
4050 1680 0.128E-03 0.555E-04
4225 2671 0.437E-05 0.245E-05
4309 2653 0.116E-03 0.729E-04
4597 2436 0.338E-03 0.257E-03
4859 2144 0.117E-03 0.333E-04
4914 2217 0.267E-03 0.112E-03
4924 2645 0.343E-03 0.390E-03
5169 2588 0.310E-03 0.940E-04
5283 1717 0.182E-03 0.318E-03
5352 1234 0.986E-04 0.384E-04
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Table A-5. Comparison of root action integrals (Concluded)

TEST SHOT ROOT ACTION ROOT ACTION
POINT NUMBER INTEGRAL INTEGRAL

EMP LIGHTNING

* .L FJ 0.957E-03 0.260E-02
Z415 2700 0.349E-03 0.401E-03
5511 2274 0.575E-03 0.134E-03
5524 2584 0.364E-06 0.556E-06
5584 2687 0.552E-03 0.264E-03
5611 2308 0.452E-04 0.297E-04
5611 2501 0.259E-04 0.219E-04
5727 1180 0.836E-04 0.371E-04
5737 2165 0.203E-03 0.389E-04
5813 2606 0.481E-03 0.287E-03
5869 2271 0.185E-02 0.11OE-02
6369 2584 0.242E-04 0.113E-04
6381 1151 0.289E-03 0.141E-03
6482 2501 0.176E-03 0.299E-04
6562 2501 0.927E-03 0.278E-03
6708 2712 0.302E-03 0.142E-03
6732 2712 0.688E-03 0.419E-03
7045 2260 0.171E-02 0.422E-03
7059 2226 0.360E-03 0.108E-03
7171 2504 0.355E-03 0.177E-03
7187 2266 0.362E-03 0.967E-04
7407 2166 0.459E-03 0.174E-03
7513 2638 0.289E-03 0.143E-03
7516 2528 0.153E-02 0.103E-02
7681 1720 0.163E-03 0.562E-04
7873 2626 0.120E-05 0.511E-06
8027 2594 0.213E-06 0.653E-06
8075 2460 0.288E-03 0.109E-03
8524 2151 0.118E-03 0.321E-04
8681 1797 0.183E-03 0.524E-04
8695 2478 0.260E-02 0.145E-02
8806 2197 0.284E-03 0.207E-03
8877 2276 0.312E-03 0.925E-04
9063 2265 0.352E-03 0.847E-04
9082 2609 0.469E-03 0.344E-03
9323 2605 0.632E-05 0.270E-05
9406 2421 0.372E-03 0.137E-03
9461 2628 0.469E-03 0.171E-02
9470 1684 0.155E-03 0.166E-03
9513 2618 0.290E-03 0.648E-03
9786 2697 0.694E-04 0.796E-04
9893 2551 0.775E-04 0.346E-04

27
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APPENDIX B

DATA PLOTS
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ATTN: TECH LIB 3141

ROME AIR DEVEI )PMENT CENTER, AFSC
ATTN: TSLD OTHER GOVERNMENT

SPACE COMMAND CENTRAL INTELLIGENCE AGENCY
ATTN: DEE ATTN: OSR/SE/C

ATTN: OSR/SE/F
SPACE DIVISION ATTN: OSWR/NED

ATTN: IND ATTN: OSWR/STD/MTB

SPACE DIVISION FEDERAL EMERGENCY MANAGEMENT AGENCY
ATTN: YAR ATTN: SL-EM

STRATEGIC AIR COMMAND NATIONAL BUREAU OF STANDARDS
ATTN: DEMUE ATTN: 723.03

STRATEGIC AIR COMMAND DEPARTMENT OF DEFENSE CONTRACTORS
ATTN: DEPR ALLIED CORP

STRAIEGIC AIR COMMAND ATTN: DOC CONT
ATTN: DOCSD AVCO SYSTEMS DIVISION

STRATEGIC AIR COMMAND ATTN: LIBRARY A830
ATTN: INA BDM CORP

STRATEGIC AIR COMMAND ATTN: CORP LIB
ATTN: SAC/LGW BDM CORP

STRATEGIC AIR COMMAND ATTN: LIBRARY
STRATEGIC AIR COMMANDATTN: NRI/STINFO BOEING CO

ATTN: M/S 2R-00 D EGELKROUTATTN: SAC/SIPA ATTN: M/S 82-09 R SCHEPPEAATTN: M/S 83-66 H WICKLEIN

STRATEGIC AIR COMMANDATTN: XP, BOEING MILITARY AIRPL ..-' C0
ATT: XFCATTN: C SUTTER

STRATEGIC AIR COMMAND
A1TN. XPFS BOOZ-ALLEN & HAMILTON, INC

ATTN: TECH LIBRARY
- ; STRATEGIC AIR COMMAND BO-LE AITN N

ATTN: XPQ O ATTN: L ALBRIGHT
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DEPT OF DEFENSE CONTRACTORS (CONTINUED) KAMAN SCIENCES CORPORATION
ATTN: TECH LIBRARY

BOOZ-ALLEN & HAMILTON, INC
ATTN: D DURGIN KAMAN TEMPO

ATTN: DASIAC
CALSPAN CORP ATTN: R RUTHERFORD

ATTN: LIBRARY
KAMAN TEMPO

DIKEWOOD CORP ATTN: DASIAC
ATTN: K LEE

LITTON SYSTEMS, INC
E-SYSTEMS, INC ATTN: MS 64-61 E EUSTIS

ATTN: J F STOSIC
LITTON SYSTEMS, INC

E-SYSTEMS, INC ATTN' J MOYER
ATTN: J MOORE

LITTON SYSTEMS, INC
FORD AEROSPACE & COMMUNICATIONS CORP ATTN. J SKAGGS

ATTN: H LINDER
LOCKHEED MISSILES & SPACE CO, INC

GENERAL ELECTRIC CO ATTN: TECH INFO CTR
ATTN: C HEWISON

LTV AEROSPACE & DEFENSE COMPANY
GRUMMAN AEROSPACE CORP ATTN: 3-58200 LIBRARY

ATTN: L-01 35 TECH INFO CTR
LUTECH, INC

HARRIS CORP ATTN: F TESCHE
ATTN: V PRES & MGR PRGMS DIV

MCDONNELL DOUGLAS CORP
HERCULES, INC ATTN: TECH LIBRARY

ATTN: W WOODRUFF
METATECH CORP

HONEYWELL, INC ATTN: R SCHAEFER
ATTN: S&RC LIBRARY

MISSION RESEARCH CORP
HONEYWELL, INC ATTN: EMP GROUP

ATTN: LIBRARY
MISSION RESEARCH CORP

HUGHES AIRCRAFT CO 2 CYS ATTN: J DARDEN
ATTN: CTD 6 ATTN: J LUBELL

2 CYS ATTN: J SAMP
lIT RESEARCH INSTITUTE 2 CYS ATTN: L ROSE

ATTN: I MINDEL 2 CYS ATTN: W STARK

INSTITUTE FOR DEFENSE ANALYSES MISSION RESEARCH CORP, SAN DIEGO
ATTN: CLASSIFIED LIBRARY ATTN: V VAN LINT

ATTN: TECH INFO SERVICES
MITRE CORP

IRT CORP ATTN: M FITZGERALD
ATTN. B WILLIAMS
ATTN: R W STEWART PACIFIC-SIERRA RESEARCH CORP

ATTN H BRODE, CHAIRMAN SAGE
JAYCOR

ATTN: E WENAAS PHYSICS INTERNATIONAL CO
ATTN. DOC CONTROL

JOHNS HOPKINS UNIVERSITY
ATTN: P PARTRIDGE R & D ASSOCIATES

ATTN- DOC CONTROL
KAMAN SCIENCES CORP ATTN- P HAAS

ATTN: LIBRARY ATTN W KARZAS

53



DEPT OF DEFENSE CONTRACTORS (CONTINUED) SINGER CO

R & D ASSOCIATES ATTN: TECH INFO CTR
ATTN: LIBRARY SPERRY CORP

RAYTHEON CO ATTN: R LAZARCHIK
ATTN: H FLESCHER SPERRY CORP

RCA CORP ATTN: JINDA
ATTN: G BRUCKER SPERRY CORP

RESEARCH TRIANGLE INSTITUTE ATTN: TECH LIBRARY
ATTN: M SIMONS SRI INTERNATIONAL

ROCKWELL INTERNATIONAL CORP ATTN: A PADGETT
ATTN: G MORGAN D256/MC BA36 TEXAS INSTRUMENTS, INCATTN: J ERB D257/MC BB17 ATTN: TECH LIBRARY

ROCKWELL INTERNATIONAL CORP TRW ELECTRONICS & DEFENSE SECTORATTN: B-1 DIV TIC (BAOB) ATTN: J BROSSIER

SCUBED ATTN: J PENAR
ATTN: A WILSON TRW ELECTRONICS & DEFENSE SECTOR

SCIENCE & ENGRG ASSOCIATES, INC ATTN: R HENDRICKSON
ATTN: V JONES TRW ELECTRONICS & DEFENSE SECTOR

SCIENCE APPLICATIONS INTL CORP ATTN: LIBRARIAN
ATTN: W CHADSEY
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